The family Dilepididae is a diverse group, which includes more than 100 genera, parasitic in birds and mammals (Bona 1994) . However, spermatological data on the family Dilepididae are restricted to four species only: Angularella beema (see Yoneva et al. 2006b ),
Molluscotaenia crassiscolex (see Świderski and Tkach 1996) , Dilepis undula (see Świderski et al. 2000) and Kowalewskiella glareola (see Świderski et al. 2002) .
The taxonomy of the dilepidid cestodes sensu lato at the family level and lower groups has been controversial for a long period of time. The species of the now recognized families Dipylidiidae, Metadilepididae and Paruterinidae were previously included in the Dilepididae (Schmidt 1986) . Recently, ultrastructural studies of Skrjabinoporus merops (Metadilepididae), Anonchotaenia globata and Triaenorhina rectangula (Paruterinidae), and Dipylidiidae species (see Miquel et al. 1998 Miquel et al. , 2005a Ndiaye et al. 2003a; Yoneva et al. 2006a Yoneva et al. , 2009 show differences between these groups characterised by the Type III spermiogenesis. The record of the Bâ and Marchand's Type IV spermiogenesis in a dilepidid species (sensu stricto) further supports that Dipylidiidae, Metadilepididae and Paruterinidae should be considered distinct families in agreement with Jones et al. (1994) . The latter authors sustain the recognition of the families Dilepididae (Railliet & Henry, 1909) , Metadilepididae (Spasskii, 1959) , Paruterinidae (Fuhrmann, 1907) and Dipylidiidae (Stiles, 1896) .
With respect to the family Gryporhynchidae (Spasskii & Spasskaya, 1973) , while being considered a subfamily of the Dilepididae by Bona (1994) , Mariaux (1998) and Hoberg et al.
(1999) raise it to the family level. The sole spermatological study on a gryporhynchid (Valipora mutabilis) shows a Type IV spermiogenesis (see Yoneva et al. 2008 Although a brief unillustrated description of the mature spermatozoon of M. crassiscolex has been presented at a conference (Świderski and Tkach 1996) , the present paper represents a complete ultrastructural analysis of the spermiogenesis and of the spermatozoon of this dilepidid species.
Material and methods
Naturally infected shrews (Sorex araneus) were captured in the Nature Reserve of Py (Pyrenean Mountains, France). Mature specimens of Molluscotaenia crassiscolex were collected live from the small intestine and were placed in a 0.9% NaCl solution. These mature proglottids were routinely processed for transmission electron microscopic (TEM) examination; they were fixed in cold (4°C) 2.5% glutaraldehyde in a 0.1 M sodium cacodylate buffer at pH 7.2 for 2h, rinsed in a 0.1 M sodium cacodylate buffer at pH 7.2, postfixed in cold (4°C) 1% osmium tetroxide in the same buffer for 1h, rinsed in a 0.1 M sodium cacodylate buffer at pH 7.2, dehydrated in an ethanol series and propylene oxide, and finally embedded in Spurr epoxy medium. Ultrathin sections were obtained using a ReichertJung Ultracut E ultramicrotome, placed on copper grids and double-stained with uranyl acetate and lead citrate according to Reynolds (1963) . Ultrathin sections were examined using Jeol 1010 transmission electron microscope in the Scientific Services of the University of Barcelona.
The Thiéry (1967) technique was used to evidence the presence of glycogen particles. Gold grids were treated in periodic acid, thiocarbohydrazide and silver proteinate (PA-TCH-SP) as follows: 30 min in 10% of PA, rinsed in distilled water, 24 hr in TCH, rinsed in acetic solutions and distilled water, 30 min in 1% SP in the dark, and rinsed in distilled water. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   R  e  v  i  e  w  C  o  p  y gamete. Later, the centriole appears and it is clearly visible in cross-sections of the spermatozoon (Fig. 3D, E) . The axoneme, of the 9+'1' trepaxonematan pattern, is surrounded by a thin layer of electron-lucent cytoplasm (Fig. 3F, J) . The cortical microtubules constitute a submembranous electron-dense layer ( Fig. 3E -G, J) and they are spiralled at an angle of 45º (Fig. 3G) . Externally, there is a thick helicoidal cord of electron-dense material that forms a single crested body (Fig. 3A , C-J). The positioning of the crested body is remarkable: at the anterior and posterior areas of Region I the crested body is attached to the sperm cell, being around 160 nm thick (Fig. 3A , C-G, I). However, in the intermediate part the crested body is partially detached from the cell and its thickness increases to 330 nm ( These electron-dense granules are located between the periaxonemal sheath and the submembranous layer of cortical microtubules and may constitute either a thin (Fig. 4B ) or a thicker layer (Figs 3K, 4C) . The test of Thiéry (1967) shows the absence of contrast demonstrating the non-glycogenic nature of this electron-dense granular material (Fig. 5 ).
Region III (Figs 4D-G, I, 6III) presents the nucleus coiled around the axoneme in a helicoidal form. In cross-sections, the nucleus is horseshoe-shaped or almost annular (Fig. 4F, G ). This region is also characterized by the lack of both electron-dense granules and periaxonemal sheath. Cortical microtubules stop their course at the end of this region (Fig. 4G, I ).
Region IV (Figs 4H, I, 6IV) corresponds to the posterior spermatozoon extremity, which includes only the axoneme surrounded by the plasma membrane (Fig. 4H ). Towards the end R e v i e w C o p y portion of this region, the axoneme becomes disorganized; the central core disappears first and the disorganized doublets-singlets reach the posterior tip of the spermatozoon (Fig. 4I, J ).
This is a short region that measures around 1.5 μm.
Discussion

Spermiogenesis
Within the order Cyclophyllidea, spermiogenesis is divided in two types (Bâ and Marchand 1995) : Type III is characterized by the formation of a single flagellum that grows parallel to the cytoplasmic protrusion followed by the proximodistal fusion whereas Type IV describes the growth of the axoneme directly into the cytoplasmic protrusion. Type III spermiogenesis occurs in some Anoplocephalidae, and also in Nematotaeniidae, Davaineidae, Dipylidiidae, Metadilepidae, Paruterinidae, Catenotaeniidae and Taeniidae. On the other hand, Type IV spermiogenesis is present in some Anoplocephalidae, in Dilepididae and in Hymenolepidae (see Justine 1998 Justine , 2001 Levron et al. in press) . To date, the ultrastructural analysis of spermiogenesis in Angularella beema constituted the only available data on dilepidids (Yoneva et al. 2006b ). The present study showed that the spermiogenesis process in M.
crassiscolex, as in A. beema, also follows the Type IV of Bâ and Marchand (1995) . Among cyclophyllideans, mesocestoidids constitute the only exception, presenting a Type II spermiogenesis, which is characterised by the flagellar rotation of a single flagellum followed by its proximodistal fusion with a cytoplasmic extension, and by the presence of both intercentriolar body and striated rootlets in the zone of differentiation (see Miquel et al. 1999 Miquel et al. , 2007a ). According to the original description of Bâ and Marchand (1995) , the cyclophyllidean types III and IV lack both intercentriolar body and striated rootlets in the zone of differentiation. However, posterior studies have shown certain particularities. This is the case of the well-developed striated rootlets present in Joyeuxiella species (Dipylidiidae) Ndiaye et al. 2003a ) and the vestigial striated rootlets which include thin, spiralled and filamentous striated rootlets, found in the zone of differentiation of the anoplocephalids
Anoplocephaloides dentata, Gallegoides arfaai, Moniezia expansa and Mosgovoyia ctenoides
(see Miquel and Marchand 1998 , Li et al. 2003 , Miquel et al. 2005b , Eira et al. 2006 , the dipylidiid Dipylidium caninum (see Miquel et al. 1998 Miquel et al. , 2005a , the metadilepidid
Skrjabinoporus merops (see Yoneva et al. 2006a), the paruterinids Triaenorhina rectangula
and Anonchotaenia globata (see Yoneva et al. 2009, in press) , and the taeniid Taenia taeniaeformis (see Miquel et al. 2009 ).
Bâ and Marchand (1995) describe the presence of an electron-dense material, the centriolar adjunct, associated with centrioles in the zone of differentiation in the type IV spermiogenesis. This structure has been observed in the anoplocephalid cyclophyllideans According to several authors (see Ndiaye et al. 2003a , Miquel et al. 2005a ) the process of cytoplasmic condensation and posterior twisting of cortical microtubules during spermiogenesis probably plays an important role in the origin of the periaxonemal sheath present in the mature spermatozoon of cyclophyllideans. This has been clearly described in Ndiaye et al (2003a) . A similar condensation of material in the periphery of spermatids has also been observed in the davaineid Raillietina micracantha (Miquel et al. in press ). In our study, an electron-dense granular material appears in the spermatids, but the formation of periaxonemal sheath is not observed. Nevertheless, it is interesting to remark that these species follow different patterns of spermiogenesis: both Joyeuxiella spp. and R. micracantha follow type III, while spermiogenesis in M. crassiscolex corresponds to pattern IV.
Spermatozoon
According to Levron et al. (in press) there are seven types of spermatozoa in the Eucestoda.
The latter authors consider three different types of spermatozoa for cyclophyllideans (types V through VII). Type V is characteristic of hymenolepidids, nematotaeniids and some anoplocephalids. Type VII is found in the davaineids, metadilepidids, paruterinids, taeniids and certain anoplocephalids, and also in tetrabothriideans. The ultrastructural organization of the mature spermatozoon of M. crassiscolex corresponds to the type VI, which is characterized by the presence of one axoneme, spiralled cortical microtubules, spiralled nucleus, crested body and periaxonemal sheath. This pattern is present in the Catenotaeniidae, Dilepididae, Dipylidiidae, Gryporhynchidae and in the Anoplocephalidae genera Mathevotaenia and Stilesia (see Levron et al. in press) . With respect to the family Mesocestoididae, studies on M. litteratus and M. lineatus (see Miquel et al. 1999 Miquel et al. , 2007a have revealed plesiomorphic characters (as in the case of spermiogenesis) and the ultrastructural organization of their spermatozoa corresponds to Type IV, which is also present in lecanicephalideans and in the phyllobothriid tetraphyllideans.
The generally accepted sperm characters interpreted as synapomorphies for the Eucestoda are the absence of mitochondria in the mature sperm (Justine 1991) and the presence of one or 2006b -see Table I , in press) and Taeniidae (Miquel et al. 2000 , Ndiaye et al. 2003b , Willms et al. 2004 ), whereas Catenotaeniidae and Davaineidae are characterised by the presence of two crested bodies (Miquel et al. 1997, in press; Bâ and Marchand 1994a, c; Hidalgo et al. 2000; Bâ et al. 2005a, b) . The spermatozoa of the Hymenolepididae possess multiple (6-12) crested bodies (Bâ and Marchand 1992 , 1993 , 1996 , 1998 Miquel et al. 2007b) , while in the Anoplocephalidae species the number of crested bodies varies from 1 to 7 (Bâ and Marchand 1994b , Bâ et al. 2000 , Miquel et al. 2004 , Eira et al. 2006 ). The particular morphology of the crested body observed in M. crassiscolex is reported for the first time in a cestode. In fact, gryporhynchid, metadilepidid and paruterinid cestodes that have been studied to date (see Table I ). Among these families, only the metadilepidid S. merops and the paruterinids T. 
Concluding remarks
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Spermatozoa types are considered according Levron et al. (in press ).
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